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Do productive capabilities affect export performance? Evidence from African firms 
 
Abstract  
There is limited empirical evidence measuring productive capabilities and analysing their effect on firm-
level export performance in Africa. This paper constructs novel indicators of productive capabilities and 
examines their effects on the export performance of African firms. Using recent firm-level data from the 
World Bank Enterprise Survey across 29 African countries, the paper builds new indicators of productive 
capabilities, which are conceptualised as a combination of technological and production capabilities. 
Estimating a censored regression model, we find that both technological and production capabilities are 
important drivers of firms’ direct export performance. This suggests that superior productive capabilities 
enhance the efficiency and competitiveness of firms, leading to improvements in their export performance. 
The findings underscore the importance of policies that support the strengthening of productive capabilities 
in African countries. 
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Productive capabilities can act as a micro-level driver of sustained and dynamic paths for firms (Bell and 
Albu, 1999; Nübler, 2014).i Productive capabilities can also influence the macro-level economic 
performance of countries in terms of their structural transformation and technological progress (Andreoni, 
2010; Daude et al., 2016; Nübler, 2014). The rapid industrialisation and growth of economies such as those 
of South Korea and, more recently, China, provide examples of the important role that productive 
capabilities play in leapfrogging and in propelling countries to higher levels of economic development. 
There have been extensive debates on how to raise productive capabilities and how these can contribute to 
sustained economic development in developing economies. Also, there has been growing interest from 
both researchers and policymakers, especially over the last decade or so, in the best ways of measuring firm-
level productive capabilities. This has been enabled through the growing availability and quality of firm-
level data, particularly in developing countries. This paper constructs new indicators of productive 
capabilities at the firm level, and econometrically analyses the effects of productive capabilities on the export 
performance of firms in 29 African countries. 
 
Productive capabilities develop through a long process of learning in the production process (Andreoni, 
2014; Andreoni and Chang, 2017; Nübler, 2014). Through continuous learning, new productive capabilities 
can be built to enhance the productive potential, possibilities and prosperity of firms (Bell and Pavitt, 1993; 
Figueiredo, 2008). Firm-level evidence identifies capabilities as strategic and tacit internal resources of firms, 
with which firms with ‘superior’ capabilities are able to perform better, both in national and international 
markets (Bell and Albu, 1999; Bell and Pavitt, 1993; Lall, 1992; Teece, 2007). Capabilities provide 
opportunities for firms to gain a competitive advantage, as they are not easily shared or copied (Bell and 
Pavitt, 1993; Lall, 1992). They also provide opportunities for latecomer firms to catch up and overcome 
competitive challenges (Figueiredo, 2008) by enabling firms to venture into the production of new, 
sophisticated and more complex products (Nübler, 2014).  
 
Experiences garnered from firms’ day-to-day practices are localised and adapted into the development of 
capabilities (Bell and Pavitt, 1993). These unique capability-development trajectories lead to heterogeneity 
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in productive capabilities, thereby driving differences between firms and among countries (Teece, 2019). 
As a result of the differences in capability development, asymmetries emerge and persist between firms. 
Some of these differences are shaped by and, in turn, shape the economies in which these firms operate. 
Indeed, differences in capabilities are seen as among the key factors in explaining why some economies 
manage to catch up while others do not (Nübler, 2014). Acquiring more complex capabilities could enable 
firms in developing countries to at least ‘try to keep up’ (Lall, 1992). At an aggregate level, capabilities may 
affect the pace of structural transformation in developing countries (Andreoni, 2010; Andreoni and 
Tregenna, 2020; Nübler, 2014).ii 
 
The evolutionary perspective of the literature on firms’ technological activities (Nelson and Winter, 1982; 
Rosenberg, 1982; Winter, 1988) has inspired important studies in the innovation management literature 
that links firm-level capabilities to entrepreneurship. For instance, the work on dynamic capabilities by 
Teece et al. (1997) and Tidd et al. (1997) suggests that capabilities are built through trial and error and 
learning by doing. Furthermore, capabilities are generally firm-specific in that they are not easily replicable 
by other firms, or used across different contexts. These influential contributions to the literature are based 
on the performance of firms in advanced economies with more robust markets and innovation systems. 
 
A growing body of empirical work has investigated learning and the subsequent accumulation of capabilities 
in latecomer firms in developing countries. Earlier works focused mostly on qualitative studies of individual 
firms and in-depth analysis of learning in firms’ trajectories, mainly in Asian and Latin American countries 
(Figueiredo, 2001, 2002; Hobday, 1994, 1995). There has been increasing recognition of the need to 
distinguish between the types of capabilities that firms require, particularly between production and 
technological capabilities, as these reflect different sets of accumulated skills. Here, we regard production 
and technological capabilities as the two key dimensions of overall productive capabilities. 
 
This paper constructs multidimensional indicators to measure the productive capabilities of African firms, 
and then uses those indicators to examine the effect of productive capabilities on firms’ export 
performance. We utilise data from the World Bank Enterprise Surveys for 29 African countries, covering 
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the period 2013 to 2018. To address possible endogeneity, we construct and use aggregate productive 
capabilities at both the regional and industry levels as instruments. Estimating a censored regression model, 
our main findings suggest that both technological and production capabilities strongly affect firms’ export 
performance.  
 
The novelty of the study lies, firstly, in the construction of new measures of productive capabilities that 
recognise their complexity and multidimensional nature, including both technological and production 
capabilities. Secondly, this study is (to the best of our knowledge) the first empirical analysis of the effects 
of productive capabilities on exports at the firm level for a large sample of firms across most African 
countries. 
 
In more detail, these key contributions are as follows. Firstly, this study adds to the existing literature by 
examining the heterogeneous effects of technological and production capabilities on firm performance. By 
conceptualising productive capabilities as encompassing both technological and production capabilities, we 
go beyond the narrow focus on technological capabilities that is dominant in both the empirical and 
theoretical literature. Quantitative studies generally treat productive capabilities as unidimensional, typically 
focused on technological capabilities and relying on proxies such as research and development (R&D) or 
patent activity. These unidimensional measures do not consider the complexity and multidimensionality of 
productive capabilities. Here, we build on Andreoni’s (2011) view of productive capabilities as 
multidimensional, including both ‘determinants’ and ‘enablers’ of productive capabilities, and analyse this 
empirically. 
 
Secondly, this paper adds to the scarce existing literature on productive capabilities at the firm level in 
Africa, using a large database of firms covering most countries of the continent. Most existing empirical 
studies on the effect of productive capabilities on exports are based on aggregated macro-data and 
indicators, and are generally focused on developed country contexts. This literature draws strong, positive 
links between productive capabilities and economic development (Hausmann, 2016; Hidalgo and 
Hausmann, 2009; Javorcik et al., 2017). However, macro-level studies are unable to bring out the nuances 
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and dynamics associated with capabilities across firms (Figueiredo, 2008). Firm-level analysis is important, 
firstly because capabilities are the knowledge bedrock of firms (Foss, 1996) and are generally firm-specific, 
and secondly because there is likely to be considerable heterogeneity in productive capabilities across firms 
within and between countries. While there is a growing body of evidence from firm-level studies in 
developing countries, this literature remains very limited in Africa. The few existing studies rely mainly on 
either qualitative analyses or quantitative studies for a single country or small group of countries, limiting 
the generalisability of their findings. It therefore is important to quantitatively analyse the effects of 
productive capabilities on the export performance of African firms using an extensive database covering 
multiple countries, as we do here.  
 
In the next section, we discuss some theoretical and empirical evidence concerning the effects of capabilities 
on firm performance broadly, and export performance specifically. The data, model and estimation 
methods are presented in section 3. Section 4 presents and discusses the empirical results, and section 5 
concludes. 
 
2. Related literature 
2.1 Firm-level productive capabilities  
The capabilities view of the firm highlights the importance of the manner in which a firm’s productive 
resources are coordinated and managed as central to the long-run growth and survival (or failure) of the 
firm. The literature on firm-level capabilities draws on the early contributions of authors such as Penrose 
(1959), who broke away from the static view of the firm in neoclassical conceptions and instead focused 
on the internal cumulative processes that lead to firms’ growth. Richardson (1972) stresses the specific 
capabilities of an organisation (specific knowledge, experience and skills) as sources of comparative 
advantage.  
 
Highlighting the technological dimension of capabilities, King and Fransman (1984) first identified six types 
of capabilities that involved the following activities: search for available alternative technologies, selection 
of the most appropriate technology, mastering the technology, adaptation of the technology, development 
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of research and development facilities, and conducting basic research. Dahlman et al. (1987) later suggested 
that technological capabilities tend to develop in successive stages, shifting from basic production and 
investment capabilities to innovation capabilities.  
 
A number of scholars, largely inspired by the seminal work of Lall (1992), have developed various 
taxonomies of firm-level capabilities over time (see Table 1 for a summary of some of these studies). Taking 
an evolutionary approach, Lall (1992) emphasised a sequence of capabilities that firms must achieve for 
‘technological maturity’. Lall identifies three main dimensions of capability based on technological 
functions: investment, productive and linkage capabilities. This approach differentiates between types of 
capabilities (from more basic routine production capabilities to more complex technological capabilities), 
and also according to the degree of ‘innovativeness’ of each of those activities.  
 
Table 1: Taxonomies of capabilities at the firm level 
Author(s) Types of capabilities Functions 
Lall (1992) Investment capabilities 
Productive capabilities 
Linkage capabilities 
Pre investment  
Project execution  
Production  
Process engineering  
Product engineering  
Industrial engineering  
Linkages within economy  





Ariffin and Figueiredo (2004) 
Figueiredo (2008) 
Routine production capabilities 
Innovative technological capability 
Investments 
Process and production organisation 
Product-centred 
Equipment 













Building on insights from Lall (1992), Bell and Pavitt (1993, 1995) synthesise the distinction between 
production capacities and technological capabilities. According to these authors, production capacities are 
static attributes, representing the firm’s ability to use existing production facilities, make standard 
6 
 
investment decisions, and expand established processes. In contrast, technological capabilities are dynamic 
resources, encompassing the skills, knowledge and routines involved in generating and managing technical 
change. The authors highlight that building technological capabilities requires deliberate efforts to learn. 
The growth of technological capabilities through technological learning may ultimately generate technical 
change (also referred to as innovation).  
 
Subsequent studies have tailored the contributions of Lall (1992) and Bell and Pavitt (1993, 1995) to the 
context of developing countries. This includes the distinction between ‘routine’ production capability and 
‘innovative’ technological capability across different technological functions. Routine production capability is 
defined as the capability to produce goods at given levels of efficiency and given input requirements; it may 
be described as technology-using skills, knowledge and organisational arrangements. Innovative technological 
capability is defined as the capability to create, change or improve products, processes and production 
organisation, or equipment. This may be described as a change-generating capability, consisting of 
technology-changing skills, knowledge, experiences and organisational arrangements (Figueiredo, 2008:58). 
 
This taxonomy has been developed in studies by Ariffin (2000) exploring the electronics industry in 
Malaysia; Figueiredo (2001) studying steel companies in Brazil; Ariffin and Figueiredo (2004) examining the 
electronics industry in Malaysia and Brazil; and Figueiredo (2008) in various sectors in Brazil. Similarly, 
Dutrénit and Vera-Cruz (2005) distinguish between ‘basic operative capabilities’ and ‘innovative capabilities’ 
to study the ‘maquila’ industry in Mexico. In these taxonomies, innovative technological capability acquires 
various levels of complexity – from ‘basic’ levels (minor adaptation and incremental quality improvement), 
through ‘intermediate’ levels (for various types of product and process design and engineering) to 
‘advanced’ and ‘research-based’ levels (for developing the knowledge base for new product and process 
designs). 
 
The distinction between production capabilities (or those needed to maintain existing production systems) 
and innovative technological capabilities (or those needed to generate, absorb and manage technological 
and organisational change) is a useful lens to structure the multiple, overlapping and complex skills and 
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resources within firms. However, Andreoni (2011:13) argues that such differentiation tends to 
underestimate the fact that technical change (especially in the form of small improvements) takes place 
throughout the entire production process and in all functional areas. This perspective suggests that 
production capabilities and innovative technological capabilities should be considered in connection with 
each other, as a set of productive capabilities. Therefore, at the firm level, Andreoni (2011:12) defines 
productive capabilities as ‘personal and collective skills, productive knowledge and experiences embedded 
in physical agents and organizations that firms need to perform different productive tasks; they need to 
furthermore adapt and implement in-house improvements across different technological and organizational 
functions’. Productive capabilities allow firms to operate across different functional areas and to perform 
productive and technical change activities. Andreoni identifies a set of productive activities (static 
perspective) and a list of specific technical change activities (dynamic perspective) for a range of functional 
areas in the firm.  
 
There has been a growing recognition of the lack of appropriate indicators of productive capabilities in the 
literature (Andreoni, 2010). Within the literature, productive capabilities are understood to be complex, 
multifaceted and multidimensional. Moreover, they can be found not only in a wide array of different 
technologies, but also, for example, in workers’ skills and know-how, and in models of work organisation. 
According to Andreoni (2011), indicators of productive capabilities may include both the ‘determinants’ 
and ‘enablers’ of productive capabilities.  
 
The use of unidimensional indicators therefore may not capture all relevant aspects of productive 
capabilities, and not reflect the complexity and multidimensionality of the concept of productive 
capabilities. Hence, in this paper, we consider firm-level productive capabilities as multidimensional and 
construct two main indicators of productive capabilities – technological and production capabilities – at the 




2.2. Productive capabilities and firm performance 
A wealth of empirical studies have attempted to describe and explain the relationships between certain types 
of capabilities, firms’ competitiveness, and performance in developing countries. In particular, there are 
different standpoints on the empirical implications of productive capabilities for performance at the firm 
level. Here, we review the relevant empirical literature with a focus on studies in developing countries, given 
the limited evidence for African countries specifically. 
 
A number of studies suggest a positive effect of indicators of productive capabilities on firm performance. 
Such studies include Tybout and Westbrook (1995) for Chile and Hu and Liu (2014) for China. There is 
evidence of a positive relationship between networking capabilities on firm-level performance (Acquaah, 
2012; Cavusgil et al., 2013; Ozer and Zhang, 2015; Weigelt, 2013). Ozer and Zhang (2015) find a positive 
effect of multiplex network ties, such as buyer-supplier equity, network structure and industry clusters as 
capabilities, on firm performance in China. Similarly, using various firm performance measures in the case 
of Ghana, Acquaah (2012) finds that firms that use social networking relations and firm-specific managerial 
experience superior achieved performance compared to firms that do not. Both studies, however, have 
limitations; the first one focuses more on networking capabilities with firms within the cluster only, while 
the latter focuses mainly on social networking capabilities as opposed to how firms relate with other firms.  
 
R&D has long been identified as a critical way through which firms develop capabilities. At the firm level, 
R&D efforts have been recognised as providing new knowledge and enhancing firms’ capacity to exploit 
knowledge developed elsewhere (see, among others, Cohen and Levinthal, 1990). R&D has also been used 
as a core measure of technological capability in the literature (see Liang, 2017; Tsai, 2004). Firms invest 
heavily in internal R&D in order to develop technological capabilities (Anderson and Tushman, 1990). 
Several studies use R&D expenditure to measure technological capabilities using a Cobb-Douglas 
production function (Los and Verspagen, 2000; Smith et al., 2004; Tsai, 2004). Tsai (2004) finds a strong 
positive effect of technological capability (R&D, technology imports) on the labour productivity growth of 
electronics firms in Taiwan. Similar results suggesting that technological capabilities (R&D, patents) have 
no effect on firm performance were found by Reichert and Zawislak (2014) for the case of Brazil. Recent 
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evidence from China also suggests that firm-level capabilities (in-house R&D capital) determine a firm’s 
preparedness to adopt and benefit from foreign knowledge and technologies (Liang, 2017).  
 
Nevertheless, there has been a shift from the focus on R&D spending to how and why firms innovate to 
improve their capabilities, using the Crépon, Duguet and Mairesse (CDM) methodology (Álvarez et al., 
2015; Bronwyn et al., 2009; Brown and Guzmán, 2014; Crépon et al., 1998; Mairesse and Robin, 2009; 
Raffo et al., 2008). Using the CDM methodology, most studies find a positive effect of innovative 
capabilities on firm performance variables such as exports, productivity, and share of innovative sales 
(Álvarez et al., 2015; Bronwyn et al., 2009; Crépon et al., 1998; Mairesse and Robin, 2009; Raffo et al., 2008). 
Hsu and Chen (2009) study the value chain activities of Taiwanese firms using a dynamic capabilities 
approach, measuring capabilities as technological, manufacturing and marketing capabilities. Their results 
show that a firm’s level of productive completeness is influenced by the completeness of a multinational 
corporation’s value chain configuration (Hsu and Chen, 2009). In the case of Turkish manufacturing firms, 
Javorcik et al. (2017) find that foreign direct investment (FDI) stimulates product upgrading in the host 
country, and new products tend to be introduced by firms with a less complex production structure, as well 
with greater complexity of the production structure of firms in the supplying industries. Using intra-firm 
primary data for 46 firms in Brazil, Figueiredo (2008) finds a similar relationship when using export 
orientation, firm size, capital origin and inter-industry differences as indicators of innovation capabilities. 
 
Not all studies find a positive relationship between productive capabilities and firm-level performance. For 
instance, in their study of Chinese firms, Ju et al. (2013) find a positive effect of production capabilities on 
firm performance, with no effect of technological capabilities on firm performance. Their results also show 
a positive effect of production and technological capabilities on market share for local firms, but 
technological capabilities are found to have no effect on foreign-owned firms. Reichert and Zawislak (2014) 
find no positive relationship between technological capabilities and sales, profitability and market share in 
133 Brazilian firms. Blalock and Simon (2009) use a panel data analysis of Indonesian manufacturing firms, 
finding that the stronger the production capability, the less the firm will benefit from FDI. Song (2002) also 
finds that, when unfavourable conditions occur, multinational enterprises switch out of the host country 
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with low capabilities (supply networks, human resources and location resources), resulting in inferior firm 
productive activities.  
 
Some attempts have been made to examine the relationship between capabilities and firm performance in 
Africa (Chan et al., 2011; Kraemer-Mbula et al., 2019; Ndemezo and Kayitana, 2020; Oyelaran-Oyeyinka, 
2003; Sobanke et al., 2014). Cirera (2015), for instance, explores the relationship between innovation 
capabilities and firm-level productivity (sales per worker and value per worker) in Kenya using the CDM 
method. Following the Oslo manual in measuring innovation using classifications and types of innovation, 
the overall results show that productivity is not influenced by innovation capabilities (Cirera, 2015). The 
author argues that one explanation for such findings may be that innovation capabilities are too low and 
that there is a lack of skilled capacity in Kenya to transform knowledge into innovation outcomes for 
productivity.  
 
Exploring the effect of technological capabilities on Nigeria’s micro-, small and medium enterprises in the 
metalwork industry, Sobanke et al. (2014) group the determining factors of capabilities into internal (such 
as the education and relevant prior work experience of the founder and the workforce) and external factors 
(such as institutional support received and contact with external agents). Their findings show a positive 
relationship between employees who have previously been exposed to technical training and technological 
capabilities within a firm that has technical collaborations with industrial associations. A study by Goedhuys 
(2007) emphasises the importance of technological learning for innovation through in-house efforts and 
collaboration with other actors in the innovation system in Tanzania. In a study of Mauritian and Kenyan 
enterprises, Wignaraja (2005) refers to manufacturing capabilities as the skills, knowledge and experience 
that enterprises need to operate imported technology efficiently. Measuring an enterprise’s capabilities 
according to investment, product improvement and linkages, the study finds that manufacturing capabilities 
in Mauritian enterprises are related to export performance. In the case of Kenya, only a handful of Kenyan 
garment and engineering firms have built reasonable manufacturing capabilities; most lack the capability to 





These studies provide critical evidence of the effect of capabilities, in the broad sense, on various measures 
of firm performance. However, none of them provides systematic evidence for large samples of firms 
across a number of African economies. Moreover, the literature on the complexity and multidimensionality 
of productive capabilities and their link to export performance is weak, particularly in Africa. The empirical 
literature linking productive capabilities and export performance exists mainly at the macro-level and mainly 
follows the Hidalgo and Hausman (2009) approach. Generally speaking, the approach argues that countries 
reveal their capabilities through what they produce and export. This is because a country with a large 
knowledge set is easily able to recombine different knowledge sets for the production of new goods, and 
can easily shift into the production of complex products. A country that produces more diversified, 
sophisticated and complex products is considered to have superior capability, to be more competitive, to 
generate higher returns in international markets and to perform better (Archibugi et al., 2009; Daude et al., 
2016; Hausmann, 2016; Hildago and Hausmann, 2009; Javorcik et al., 2017).  
 
In this paper, we classify productive capabilities into two main groups that have been documented 
extensively in the literature: technological capabilities and production capabilities. This classification is in 
line with several taxonomies of productive capabilities identified in the literature. Based on the above, we 




We use data from the World Bank Enterprise Survey, which is firm-level data collected in 144 countries 
worldwide. The surveys use a global methodology, which stratifies firms randomly by size, location and 
sector for representativeness and for cross-country comparison. We combined the most recent waves of 
survey data from 29 African countries from 2013 to 2018.iv The total number of countries and the 
estimation sample were determined largely by the data.v For instance, countries such as Angola, Botswana, 
Cape Verde and Zimbabwe were excluded due to cross-missing observations across key variables. South 




Apart from the rand and CFA zones, all other countries reported sales values in local currency. To 
standardise sales values as United States dollars ($), we used exchange rate data from the World 
Development Indicators (WDI), with a universal base year of 2010, to allow for cross-country comparison. 
Table 2 presents descriptive statistics of our key variables; see Table 6 in the Appendix for further 
information on variables. 
Table 2: Descriptive statistics 
Variable Description Mean SD Min. Max. N 
Dependent variable       
  Export intensity % of total sales from direct 
exports 
5.14 17.17 0 100 8 481 
Explanatory variables       
Productive capabilities:       
   Production capabilities Index of production capabilities -2.657 2.27 -5.804 3.232 8 481 
   Technological capabilities Index of technological capabilities 0.173 0.20 -0.086 1.901 8 481 
Employment (lag 2) Total employment 3 years ago 36.07 62.38 1 490 8 481 
Age  Age of firm 16.45 13.03 3 96 8 481 
Labour cost  Cost of labour per worker in US$  20 219.64  18491.96 103.9 73913.1 8 481 
Sales (lag 2)  Total sales three years ago in US$  172 019.9 138 124.8 900 490 947 8 481 
Capital city (=1) Firm located in the capital city     3 378 
Lack of finance How much of an obstacle access 
to finance is to the firm 
     
   No       1 822 
   Minor       1 841 
   Moderate      1 907 
   Major      1 999 
   Very severe       912 
Industry Industry of the firm     33 
Country Country of the firm     29 
Year Year of the survey   2013 2018 6 
 
3.2 Measuring firm-level productive capabilities 
As noted above, this paper examines the effects of productive capabilities on the export performance of 
African firms. According to Nübler (2014), productive capabilities allow and mould production 
transformation in two ways: by changing the patterns of the economic structure through product 
diversification and development; and by changing the pace and sustainability of this change process. 
Productive capabilities are thus intangible and complex (Tsai, 2004), with multiple dimensions (Andreoni, 
2010). As a result, we capture our indicators of productive capabilities (technological and production 
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capabilities) by constructing composite indices based on both ‘determinants’ and ‘enablers’ of productive 
capabilities using factor analysis, following Fagerberg and Srcholec (2008, 2017).  
 
To measure technological capabilities, we use standard variables identified in the literature. These variables 
are R&D (measured by spending on formal R&D activities); innovation (measured by new and significantly 
improved products and processes); fixed assets (purchase of fixed assets); licences (as technology licenced 
from a foreign-owned company); and ownership (proxied by percentage of the firm owned by private 
foreign entities). For production capabilities, we use the following dimensions: formal training (formal 
training programmes for permanent full-time employees); labour regulations (to what extent labour 
regulation is an obstacle); workforce education (to what extent inadequate education of the workforce is an 
obstacle); education (measured as the percentage of full-time employees who completed high school); and 
certification (a firm having an internationally recognised quality certification).vi  
 
Lall (1992:168–169) identifies ‘new skills’ (training) as key to the acquisition of capabilities, skilled labour 
and access to external information on and external support for technologies. Sobanke et al. (2014) also 
identified R&D, formal education and training as key factors influencing capabilities development. 
Technology imports are important for capabilities development (Lall, 1992). Investments in fixed assets are 
regarded as fundamental in explaining how domestic firms can enhance and develop capabilities. Pisano 
(2015) postulates that investments in assets can lead to a competitive advantage by deepening firms’ existing 
capabilities, or broadening firms’ repertoire into capabilities. Innovation activities have also been identified 
as key for boosting firm-level technological capabilities (Bartz-Zuccala et al., 2018).  
 
Given that the various dimensions of technological (e.g. R&D and innovation) and production (e.g. formal 
training and workforce education) capabilities are likely to be correlated, we opt to combine these sets of 
relevant dimensions into two composite indicators. Following Fagerberg and Srcholec (2017), we expect a 




To construct our indicators,vii we first generate a polyserial correlations matrix, after which we perform 
principal factors analyses on the polyserial correlations matrix using the oblique oblimin rotation for the 
capability indicators of variables identified as important in the literature and for which we have data.viii  
 
Table 3 presents the list of dimensions and their factor loadings for our two productive capabilities 
indicators. The table suggests two types of productive capabilities with highly correlated dimensions. For 
instance, the factor loadings show that R&D is strongly correlated with technological capability but weakly 
correlated with production capability. Conversely, certification is strongly correlated with production 
capability while weakly correlated with technological capability. 
 
Table 3: Dimensions and results of the factor loadings 
 Factor loadings 
Dimension Technological capability Production capability 
Research and development (R&D) 0.992 0.442 
Product innovation 0.776 -0.344 
Process innovation 0.735 -0.279 
Fixed assets 0.743 0.389 
License  0.879 -0.278 
Ownership  0.692 0.484 
Formal training 0.436 0.692 
Labour regulations -0.035 0.660 
Workforce education -0.143 0.671 
Education  -0.010 0.878 
Certification  0.189 0.913 
 
 Note: Polyserial correlation estimation with extraction using the principal factors method, with 0.7206 proportion of 
eigenvalues accounted for; oblique oblimin rotation was used. 
  
3.3  Estimation strategy 
As indicated earlier, this paper aims to examine the effect of productive capabilities (production and 
technological) on the direct export performance of firms in African countries. Direct exports, which refer 
to the percentage of sales from direct exports, are censored between 0% and 100%. Our data show that 
about 7 300 (approximately 86%) of firms report having 0% of sales from direct exports, while 1 181 (about 
14%) report a positive percentage of sales from direct exports. Given that the zeros are not arbitrary and 
imputed (either from missing or non-response observations) but are true export outcomes of firms 
generated from the same data-generating process, we formulate a censored regression model following 
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Tobin (1958) to account for the censored nature of the data. The Tobit model was identified as a suitable 
estimator in a recent application by Adusah-Poku and Takeuchi (2019). Our Tobit model is specified as: 
𝐸𝑥𝑝𝑜𝑟𝑡	𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦!"∗ = 𝛾$ + 𝛾%𝑇𝐶!" + 𝛾&𝑃𝐶!" + 𝛾'𝑀!( + 𝜀!(, 𝑖 = 1, 2, 3, … , 𝑛   (1) 
𝐸𝑥𝑝𝑜𝑟𝑡	𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦!" = 𝑦!" = :
𝐸𝑥𝑝𝑜𝑟𝑡	𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦!"	∗ 𝑖𝑓	𝐸𝑥𝑝𝑜𝑟𝑡	𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦!"	∗ > 0
0	𝑖𝑓	𝐸𝑥𝑝𝑜𝑟𝑡	𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦!"	∗ = 0
	   (2) 
 
Assuming that 𝑥!" = ( 𝑇𝐶!" , 𝑃𝐶!" ,𝑀!"), the likelihood function of the censored model, following Amemiya 
(1984), could be given as: 
𝐿 = ∏ $1 − Φ(!!"
"
)(# ∏ 𝛿$%𝜙 +(𝑦𝑖𝑗 − 𝑥&'𝛾)/𝛿/%       (3) 
 
Maximising the log of equation 3, that is, 𝐼𝑛	𝐿, our estimator of interest, 𝛾3, could be calculated as: 








>? + ∑ A1 − Φ =!!"(
"
>B*!"#$*!"%$ C , (4) 
where Φ(. ) and 𝜙(. ) denote the cumulative distribution and probability density functions respectively. 
𝐸𝑥𝑝𝑜𝑟𝑡	𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦&'∗  is a latent variable showing the desired percentage of sales from direct exports. 
𝐸𝑥𝑝𝑜𝑟𝑡	𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦&'  denotes the observed percentage of sales from direct exports of firm 𝑖 in country 𝑗. 
Equation (2) indicates the actual percentage of sales from direct exports of firm 𝑖 in country 𝑗, which is 
equal to 𝐸𝑥𝑝𝑜𝑟𝑡	𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦&'∗  if firm 𝑖 in country 𝑗 is engaged in export 
activities.	𝐸𝑥𝑝𝑜𝑟𝑡	𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦&' = 0 (constant threshold value) if firm 𝑖 in country 𝑗 is not a direct 
exporter. 𝑇𝐶!" and 𝑃𝐶!" refer to technological capability and production capability respectively of firm 𝑖 in 
country 𝑗;	𝑀!" is a vector of other relevant factors that may affect the direct export performance of firm 𝑖 
in country 𝑗; and 𝜀!( is a normally distributed idiosyncratic error term, with 𝜀!(∼ N(0, σ2). 
 
The set of variables included in 𝑀!( follows variants of the popular CDM model (Álvarez et al., 2015; 
Bronwyn et al., 2009; Crépon et al., 1998; Crespi et al., 2017; Mairesse and Robin, 2009; Raffo et al., 2008). 
Bartz-Zuccala et al. (2018) argue that firms situated in the capital city or in the main business city have 
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superior performance compared to firms located further away. We therefore include a capital city dummy 
variable to account for the possible effect of location in the capital city on firm performance, in our case 
export performance. 
 
Productive capabilities at the firm level have feedback loops with non-linear ‘causational chains’ (Andreoni, 
2010:15). Based on this, we expect that the relationship between our indicators of productive capabilities 
and export performance measures may be bi-directional. To address this challenge, we instrument for firm-
level productive capabilities. We use regional averages, computed to vary in each industry across each region 
within our sampled countries, as instruments for productive capabilities indicators in all IV estimations. 
The use of regional averages as instruments for firm-level endogenous variables is common in the literature 
(see, for instance, Avenyo et al., 2020; Guiso et al., 2004). We expect the instruments to be highly correlated 
with firm-level capability indicators, but orthogonal to firm-level performance, thereby addressing the 
possible simultaneity bias between both of our productive capabilities indicators and our firm export 
performance measure. The first-stage estimation results for the IV Tobit-MLE are presented in Table 7 in 
the Appendix, showing the strong, significant effects of our instruments on the endogenous variables and 
confirming the validity of our instruments.  
 
Given the left censored nature of the export variable, and the possible simultaneity bias between our 
productive capabilities indicators and our firm export performance measure, we estimate different 
econometric approaches to explore the relationships between technological capabilities, production 
capabilities and export performance, controlling for relevant covariates and resolving all relevant 
econometric issues. All variance-covariance matrices are clustered by region, and multiple outliers in our 
sample were identified and excluded from all estimations using the bacon (Weber, 2010) procedure at the 
0.15 (15th) percentile.  
 
4. Results and discussion 
This section presents the estimation results for the effects of technological and production capabilities on 
the export performance of African firms. As noted, we estimate different models and reported alternative 
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regression results for robustness checks. Despite the variants in our estimation procedures, our key results 
remain consistent and robust in terms of sign and significance across all specifications.  
 
Table 4 reports the results of the effects of production and technological capabilities on the percentage 
share of direct exports using different model specifications. We first present results for the full sample of 
firms, in which the dependent variable, export intensity (measured as the percentage share of direct exports 
from sales), has about 86% of firms that reported 0% of sales from direct exports and about 14% of firms 
with a positive percentage share of sales from direct exports. Columns 1 and 2 present basic results from 
ordinary least squares (OLS) and Heckman regression of productive capabilities and other covariates on 
direct exports.  
 
While these results suggest that both technological and production capabilities have positive and significant 
effects on direct exports, the Mills ratio (column 2) (which tests the correlation between the selection and 
outcome equations in the Heckman model) is insignificant, suggesting that there is no selection bias in our 
data.ix This further confirms that the zeros in the data are generated from the same data-generating process 
and that the Tobit model is an appropriate estimator.  
 
As a result, we proceed to implement a censored Tobit regression model using maximum likelihood 
(Amemiya, 1984). Column 3 of Table 4 reports results from the Tobit regression, in which we control for 
censoring. Column 4 implements an IV Tobit model, our preferred model, in which we estimate the effect 
of productive capabilities on direct exports using the maximum likelihood estimation (MLE) procedure to 
resolve, in addition to censoring, possible endogeneity issues. As discussed earlier, we compute and employ 
industry-level regional averages of our indicators as instruments. The IV procedure is found to yield 
consistent standard errors (Wooldridge, 2013). With endogenous regressors, the maximum likelihood 
estimator is also found to provide ‘asymptotically efficient’ estimates (Newey, 1987).  
 
Again, the results (columns 3 and 4 of Table 4) are consistent with other models, with both technological 
and production capabilities significantly positive. However, we observe that the coefficients of production 
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and technological capabilities are higher in the IV-Tobit model (column 4) compared with the results in 
columns 1 to 3. This suggests that ignoring the censored nature of our dependent variable, as in the case of 
the OLS and Heckman models, and the endogeneity of productive capabilities, as in the case of Tobit-
MLE, results in lower estimated effects of both measures of productive capabilities on export performance. 
 
The second panel (columns 5 and 6 of Table 4) reports estimation results for exporting firms only, where 
we consider firms with strictly positive percentage share of sales from direct exports (i.e. excluding firms 
that have no direct exports). The pattern of results is consistent across both samples, confirming the 
positive effect of productive capabilities on the direct export performance of firms. 
 
The remainder of this section discusses our preferred model. As discussed above, the IV Tobit estimated 
using maximum likelihood is our preferred model, as it yields consistent standard errors and asymptotically 
efficient estimates. The results, reported in column 4 of Table 4, show that productive capabilities have a 
strong positive and significant effect on the percentage share of direct exports. Specifically, our results 
suggest that both production capabilities and technological capabilities enhance direct export performance. 
Our results are in line with those of Ju et al. (2013), who found a positive effect of production capabilities 
on the market share of Chinese firms. Wignaraja (2005) also shows that technological capabilities have a 
positive effect on export performance in Mauritius. One explanation for these results may be that firms 
with higher productive capabilities tend to be highly efficient and competitive. This increase in efficiency 
and competitiveness may lead to improvements in the quality and value of export products, thereby driving 
higher sales in international markets.  
 
The rest of our estimation results for covariates (column 4 of Table 4) are also consistent with the broad 
literature on firm export performance. For instance, we find that older firms tend to have higher export 
direct performance. This may be due to the knowledge and network base developed by more established 
firms over their lifetime. Our results also show that increases in labour cost per worker lead to lower export 
performance, suggesting that the higher cost of labour per worker increases the cost of production and 
higher prices of products, leading to less competitiveness in the global market. Firms with greater domestic 
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market share, measured with lag of sales, tend to be less competitive in the global market. We do not 
observe any significant effect of location in the capital city on firms’ direct export performance. 
 
Table 4: Relationship between percentage share of direct exports and productive capabilities 
 
 Full sample Exporter sample only 
 (1) (2) (3) (4) (5) (6) 




 Export intensity 
Production capabilities 0.318** 1.197** 2.370** 7.072*** 1.337* 1.087*** 
 (2.27) (2.34) (2.48) (3.90) (1.96) (2.87) 
Technological capabilities 0.066*** 4.743*** 0.458*** 6.497*** 4.468** 13.305** 
 (3.83) (3.18) (6.38) (2.68) (2.56) (2.31) 
Employment (lag 2) (log) 3.078*** 0.299 18.551*** 4.131 0.422 0.646 
 (8.25) (0.23) (9.76) (0.68) (0.44) (0.64) 
Labour cost (log) -0.608** -0.385 -2.012 -3.986*** -0.466 -0.494 
 (-2.03) (-1.35) (-1.59) (-2.72) (-1.42) (-1.28) 
Sales (lag 2) (log) -0.137 -3.018** -0.394 -1.495* -3.002 -3.230 
 (-0.63) (-2.13) (-0.45) (-1.67) (-1.65) (-1.60) 
Age (log) -0.422 12.281*** 0.868 7.726* 11.819*** 12.069*** 
 (-0.94) (6.18) (0.38) (1.91) (2.99) (2.95) 
Capital city 1.119* 1.197** -0.384 5.248 1.337* 1.087*** 
 (1.96) (2.34) (-0.10) (1.18) (1.96) (2.87) 
Mills  -1.540     
  (-0.38     
athrho2_1       
_cons    -0.074**  -0.168 
    (-2.04)  (-1.35) 
athrho3_1       
_cons    -1.368***  0.015 
    (-3.89)  (0.20) 
athrho3_2       
_cons    -0.006  0.054 
    (-0.58)  (1.24) 
lnsigma1       
_cons    4.872***  3.455*** 
    (15.72)  (88.59) 
lnsigma2       
_cons    0.524***  -0.497*** 
    (68.24)  (-22.01) 
lnsigma3       
_cons    2.944***  0.432*** 
    (383.39)  (11.15) 
Lack of finance Yes  Yes  Yes  Yes  Yes  Yes  
Industry  Yes  Yes  Yes  Yes  Yes  Yes  
Country  Yes  Yes  Yes  Yes  Yes  Yes  
Year  Yes  Yes  Yes  Yes  Yes  Yes  
R2 0.106    0.209  
adj. R2 0.098    0.177  
N 8481 8481 8481 8481 1181 1181 
 





The literature on capabilities and performance suggests that ‘superior’ productive capabilities contribute 
positively to firms’ performance. The relevance of productive capabilities to the performance of African 
firms is an important research question, with relevance for firms’ competitiveness and growth, and for 
countries’ growth and development. This paper contributes to the growing literature on the relationship 
between firm-level productive capabilities and performance by examining the effects of productive 
capabilities on export performance in African firms. We differentiate between technological and production 
capabilities, and measure these capabilities using different indicators constructed as indices. 
 
Estimating a censored regression model based on firm-level data from the World Bank Enterprise Survey 
across 29 African countries, our results provide robust evidence that technological and production 
capabilities are crucial for the direct export performance of African firms. Specifically, our findings provide 
strong new evidence that technological and production capabilities enhance the direct export performance 
of firms.  
 
These results point to the importance of productive capabilities for the economic progress of African 
countries. The importance of exports for driving economic growth is widely recognised. While 
macroeconomic and trade policies matter for export performance, this analysis draws attention to the firm-
level capabilities needed for success in exports. Indeed, these are the micro-foundations of industrial 
development and catch-up. Understanding how individual firms establish and maintain productive 
capabilities could help better inform policy on economic development. 
 
Our findings underscore the importance of policies that promote the strengthening of productive 
capabilities among African firms. This process may require targeted policies that support firms in learning 
to develop and adopt ‘new’ knowledge, recombine ‘old’ knowledge, and acquire skills to transform their 
mix of offered products and services. This is likely to require appropriate innovation and technology 
policies, industrial policies, education and training, integrated with other policy domains relevant to building 
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firm-level productive capabilities, especially technological and production capabilities. Naturally, these 
policies need to take into account the specificities of different countries, sectors, sizes of firms, and so on. 
Some policies in support of productive capabilities are not firm-specific, for example sub-national or 
national policies aimed at improving education and skills levels across the workforce or at raising productive 
investment. Other relevant policies are firm-specific, such as firm-level incentives to promote R&D and 
innovation. Enhancing the productive capabilities of African firms therefore may require a holistic policy 
perspective. 
 
While we attempted to include all possible dimensions of technological and production capabilities, given 
the availability of variables in our dataset, this research could be extended by introducing other dimensions, 
such as managerial capacity and informal learning processes in the construction of both production and 
technological capabilities. The use of panel data, and the analysis of the mechanisms through which export 
gains are achieved through capabilities, may also offer insights. Notwithstanding these data limitations, our 
paper provides strong evidence of the critical role productive capabilities can play in enhancing the export 




Table 5: List of countries, year of survey and population of firms in dataset 
Country Year of survey Population 
1. Benin 2016 151 
2. Burundi 2014 158 
3. Cameroon 2016 362 
4. Chad 2018 153 
5. Côte d'Ivoire 2016 361 
6. DRC 2013 529 
7. Egypt 2016 1 814 
8. Eswatini 2016 150 
9. Ethiopia 2015 848 
10. Gambia 2018 151 
11. Ghana 2013 720 
12. Guinea 2016 151 
13. Lesotho 2016 150 
14. Liberia 2017 151 
15. Malawi 2014 523 
16. Mali 2016 185 
17. Mauritania 2014 150 
18. Mozambique 2018 601 
19. Namibia 2014 580 
20. Niger 2017 151 
21. Nigeria 2014 2 676 
22. Senegal 2014 601 
23. Sierra Leone 2017 152 
24. South Sudan 2014 738 
25. Sudan 2014 662 
26. Tanzania 2013 813 
27. Togo 2016 150 
28. Uganda 2013 762 




 Table 6: Definition of variables 
Variable Description 
Export intensity Percentage of total sales from direct exports at the end of the last fiscal year. 
Technological capabilities Index of technological capabilities.  
Regional technological capabilities Regional averages of the index of technological capabilities computed to vary in 
each industry across each region and within each country. 
Production capabilities Index of production capabilities. 
Regional production capabilities Regional averages of the index of production capabilities computed to vary in each 
industry across each region and within each country. 
Age Age of firm in years. 
Employment (lag 2) Total employment three years ago constructed as the number of permanent, full-
time employees (PE) at the end of the last fiscal year, plus the number of full-time 
temporary employees (TE) at the end of the last fiscal year multiplied by 0.5. That 
is, Employment = PE + (0.5TE). 
Labour cost Cost of labour per worker (CL) in US$ constructed as total labour cost (TC) (incl. 
wages, salaries, bonuses, etc.) in the last fiscal year, divided by the number of 
permanent, full-time employees (PE) at the end of the last fiscal year, plus the 
number of full-time temporary employees (TE) at the end of last fiscal year, 
multiplied by 0.5. That is, CL = TC/ (PE + (0.5TE)).  
Sales (lag 2) Total sales three years ago in US$ constructed as establishment’s sales three years 
ago converted into US$ using exchange rate data from the WDI, with base year 
2010. 
Capital city A dummy variable that takes the value of 1 if the firm is located in the capital city, 
and 0 otherwise. 
R&D A binary variable taking the value of 1 if the firm has spent money on formal R&D 
activities during the last three years, and 0 otherwise. 
Product innovation A binary variable taking the value of 1 if the firm has introduced new or significantly 
improved products in the last three years, and 0 otherwise.  
Process innovation A binary variable taking the value of 1 if the firm has introduced new or significantly 
improved organisational structure in the last three years, and 0 otherwise. 
Fixed assets Dummy variable taking the value of 1 if the firm purchased any fixed assets in last 
fiscal year, and 0 otherwise. 
Licence Dummy variable showing if the firm used technology licenced from a foreign-
owned company, with 1 indicating yes and 0 otherwise. 
Ownership Percentage of the firm owned by private foreign individuals, companies or 
organisations. 
Formal training Dummy variable showing whether the firm has formal training programmes for 
permanent, full-time employees in the last fiscal year, with 1 indicating yes and 0 
otherwise. 
Labour regulations Categorical variable indicating how much labour regulations are an obstacle to 
firms, with 0 = no obstacle, 1 = minor obstacle, 2 = moderate obstacle, 3 = major 
obstacle and 4 = very severe obstacle. 
Workforce education A categorical variable showing how much of an obstacle an inadequately educated 
workforce poses, with 0 = no obstacle, 1 = minor obstacle, 2 = moderate obstacle, 
3 = major obstacle and 4 = very severe obstacle. 
Education Continuous variable showing the percentage of full-time workers who completed 
high school. 
Certification Dummy variable showing if the firm has an internationally recognised quality 
certification, with 1 indicating yes and 0 otherwise. 
Lack of finance 
A categorical variable showing how much of an obstacle access to finance is, with 
0 = no obstacle, 1 = minor obstacle, 2 = moderate obstacle, 3 = major obstacle, 
and 4 = very severe obstacle. 
Industry List of 33 industries classified according to ISIC Revision 3.1: manufacturing (group 
D), construction (group F), services (groups G and H), transport, storage and 
communications (group I) and IT (group K sub-sector 72). 
Country Country of the firm. 
Year Year of survey. 
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Table 7: First-stage estimation results 
 First-stage IV Tobit MLE 
Production capabilities equation 
Regional production capabilities 0.922*** 
 (50.08) 
Employment (lag 2) (log) -0.005 
 (-0.27) 
Labour cost (log) -0.069*** 
 (-5.96) 
Sales (lag 2) (log) -0.054*** 
 (-6.74) 
Age (log) 0.102*** 
 (3.47) 
Capital city 0.023 
 (0.56) 
Technological capabilities equation 
Regional technological capabilities -4.765*** 
 (-3.30) 
Employment (lag 2) (log) 2.395*** 
 (10.91) 
Labour cost (log) 0.438*** 
 (3.38) 
Sales (lag 2) (log) 0.232*** 
 (2.60) 
Age (log) -1.266*** 
 (-3.82) 
Capital city -0.914* 
 (-1.94) 
Lack of finance Yes  
Industry  Yes  
Country  Yes  
Year  Yes  
N 8481 
 





Acquaah, M. (2012) Social networking relationships, firm-specific managerial experience and firm 
performance in a transition economy: A comparative analysis of family owned and nonfamily firms. 
Strategic Management Journal 33(10): 1215–1228. 
Adusah-Poku F. and Takeuchi K. (2019) Household energy expenditure in Ghana: A double-hurdle model 
approach. World Development 117: 266–277. 
Álvarez, R., Zahler, A., and Bravo-Ortega, C. (2015) Innovation and productivity in services: Evidence 
from Chile. Emerging Markets Finance and Trade 51(3): 593–611.  
Amemiya, T. (1984) Tobit models: A survey. Journal of Econometrics 24: 3–61. 
Anderson, P. and Tushman, M. (1990) Technological discontinuities and dominant designs: A cyclical 
model of technological change. Administrative Science Quarterly 35(4): 604-633. 
Andreoni, A. (2010) A capability theory of production: Learning in time, complementarities and 
proximities. Paper presented at the DIME Workshop on “Production theory” Process, 
Technology, and Organisation: Towards a Useful Theory of Production; November 2010, Scuola 
Superiore Sant'Anna, Pisa, Italy. 
Andreoni, A. (2011) Productive capabilities indicators for industrial policy design. UNIDO Development 
Policy, Statistics and Research Branch Working Paper 17/2011. Available at 
https://eprints.soas.ac.uk/19235/1/2011%20Productive%20Capabilities%20Indicators%20UNI
DO.pdf 
Andreoni, A. (2014) Structural learning: Embedding discoveries and the dynamics of production. Structural 
Change and Economic Dynamics 29: 58–74.  
Andreoni, A. and Chang, H.J. (2017) Bringing production and employment back into development: Alice 
Amsden’s legacy for a new developmentalist agenda. Cambridge Journal of Regions, Economy and 
Society 10(1): 173–187. 
Andreoni, A., and Tregenna, F. (2020) Escaping the middle-income technology trap: A comparative analysis 
of industrial policies in China, Brazil and South Africa. Structural Change and Economic Dynamics 
54: 324–340. 
Archibugi, D., Denni, M., and Filippetti, M. (2009) The global innovation scoreboard 2008: The dynamics 
of the innovative performances of countries. Available at Social Science Research Network 
(SSRN): https://ssrn.com/abstract=1958833 or http://dx.doi.org/10.2139/ssrn.1958833 
Ariffin, N. (2000) The internationalisation of innovative capabilities: The Malaysian electronics industry 
Doctoral dissertation, University of Sussex, Brighton, England. 
Ariffin, N. and Figueiredo, P.N. (2004) Internationalization of innovative capabilities: Counter-evidence 
from the electronics industry in Malaysia and Brazil. Oxford Development Studies 32(4): 559–583. 
Avenyo, E.K., Konte, M., and Mohnen, P. (2020). Product innovations and informal market competition 




Bartz-Zuccala, W., Mohnen, P., and Schweiger, H. (2018) The role of innovation and management practices 
in determining firm productivity. Comparative Economic Studies 60(4): 502–530. 
Bell, M. and Albu, M. (1999) Knowledge systems and technological dynamism in industrial clusters in 
developing countries. World Development 27(9): 1715–1734. 
Bell, M. and Pavitt, K. (1993) Technological accumulation and industrial growth: Contrasts between 
developed and developing countries. Industrial and Corporate Change 2(2): 157–210. 
Bell, M., and Pavitt, K. (1995) The development of technological capabilities. Trade, Technology and 
International Competitiveness 22(4831): 69–101. 
Blalock, G. and Simon, D.H. (2009) Do all firms benefit equally from downstream FDI? The moderating 
effect of local suppliers’ capabilities on productivity gains. Journal of International Business Studies 
40: 1095–1112. 
Bronwyn, H.H., Lotti, F., and Mairesse, J. (2009) Innovation and productivity in SMEs: Empirical evidence 
from Italy. Small Business Economics 33(1): 13–33.  
Brown, F. and Guzmán, A. (2014) Innovation and productivity across Mexican manufacturing. Journal of 
Technology Management and Innovation 9(4): 36–52. 
Cavusgil, T., Ghauri, P.N., and Akcal, A.A. (2013) Doing Business in Emerging Markets, 2nd ed. London: 
Sage Publications.  
Chan, K.-Y.A., Oerlemans, L.A., and Pretorius, M.W. (2011) Innovation outcomes of South African new 
technology-based firms: A contribution to the debate on the performance of science park firms. 
South African Journal of Economic and Management Sciences 14(4): 361–378. 
Cirera, X. (2015) Catching up to the technological frontier? Understanding firm-level innovation and 
productivity in Kenya. Working Paper No. 94671, World Bank Group, Washington, DC. 
Cohen, W. and Levinthal, D. (1990) Absorptive capacity: A new perspective on learning and 
innovation. Administrative Science Quarterly 35(1): 128–152. 
Crépon, B., Duguet, E., and Mairesse, J. (1998) Research, innovation and productivity: An econometric 
analysis at the firm level. Economics of Innovation and New Technology 7(2): 115–158.  
Crespi, G., Tacsir, E. and Pereira, M. (2019) Effects of innovation on employment in Latin 
America. Industrial and Corporate Change 28(1): 139–159. 
Dahlman, C.J., Ross-Larson, B., and Westphal, L.E. (1987) Managing technological development: Lessons 
from the newly industrializing countries. World Development 15(6): 759–775. 
Daude, C., Nangengast, A., and Perea, J.R. (2016) Productive capabilities: An empirical analysis of their 
drivers. The Journal of International Trade & Economic Development 25(4): 504–535.  
Dutrénit, G. and Vera-Cruz, A.O. (2005) Technological capability accumulation in the 'maquila industry' in 
Mexico. Cadernos EBAPE. BR, 3(SPE): 01–16. 
Fagerberg, J. and Srholec, M. (2008) National innovation systems, capabilities and economic development. 
Research Policy 37(9): 1417–1435. 
27 
 
Fagerberg, J. and Srholec, M. (2017) Capabilities, economic development, sustainability. Cambridge Journal 
of Economics 41(3): 905–926.  
Figueiredo, P.N. (2001) Technological learning and competitive performance. Cheltenham: Edward Elgar. 
Figueiredo, P.N. (2002) Does technological learning pay off? Inter-firm differences in technological 
capability-accumulation paths and operational performance improvement. Research Policy 31(2): 
73–94. 
Figueiredo, P.N. (2008) Industrial policy changes and firm-level technological capability development: 
Evidence from Northern Brazil. World Development 36(1): 55–88. 
Foss, N.J. (1996) Knowledge-based approaches to the theory of the firm: Some critical 
comments. Organization Science 7(5): 470–476. 
Goedhuys, M. (2007) Learning, product innovation, and firm heterogeneity in developing countries: 
Evidence from Tanzania. Industrial and Corporate Change 16(2): 269–292.  
Guiso L., Sapienza P., and Zingales L. (2004) Does local financial development matter? The Quarterly 
Journal of Economics 119(3): 929–969. 
Hausmann, R. (2016) Economic development and the accumulation of know-how. Welsh Economic 
Review 24: 13–16. 
Hidalgo, C.A. and Hausmann. R. (2009) The building blocks of economic complexity. Proceedings of the 
National Academy of Sciences (PNAS) 106(26): 10570–10575. 
Hobday, M. (1994) Export-led technology development in the Four Dragons: The case of electronics. 
Development and Change 25(2): 333–361. 
Hobday, M. (1995) East Asian latecomer firms: Learning the technology of electronics. World 
Development 23(7): 1171–1193. 
Hsu, C. and Chen, H. (2009) Foreign direct investment and capability development: A dynamic capabilities 
perspective. Management International Review 49(5): 585–605.  
Hu, A. G., & Liu, Z. (2014) Trade Liberalization and Firm Productivity: Evidence from Chinese 
Manufacturing Industries. Review of International Economics 22(3): 488–512. 
King, K. and Fransman, M. (eds.). (1984) Technological capability in the third world. London: Palgrave 
Macmillan. 
Javorcik, B.S., LoTurco, A., and Maggioni, D. (2017) New and improved: Does FDI boost production 
complexity in host countries? The Economic Journal 128: 2507–2537.  
Ju, M., Fung, H.G., and Mano, H. (2013). Firm capabilities and performance. The Chinese Economy 
46(5): 86–104.  
Kraemer-Mbula, E., Lorenz, E., Takala-Greenish, L., Jegede, O.O., Garba, T., Mutambala, M., and Esemu, 
T. (2019) Are African micro- and small enterprises misunderstood? Unpacking the relationship 
between work organisation, capability development and innovation. International Journal of 
Technological Learning, Innovation and Development 11(1): 1–30. 
Lall, S. (1992) Technological capabilities and industrialization. World Development, 20(2): 165–186. 
28 
 
Liang, F.H. (2017) Does foreign direct investment improve the productivity of domestic firms? Technology 
spillovers, industry linkages, and firm capabilities. Research Policy 46(2017): 138–159.  
Los, B. and Verspagen, B. (2000) R&D spillovers and productivity: Evidence from U.S. manufacturing 
industries. Empirical Economics 25: 127–148. 
Mairesse, J. and Robin, S. (2009) Innovation and productivity: A firm-level analysis for French 
manufacturing and services using CIS3 and CIS4 data (1998-2000 and 2002-2004). Paris: CREST-
ENSAE. Available at https://www.semanticscholar.org/paper/Innovation-and-
productivity%3A-a-firm-level-analysis-Mairesse-
Robin/3eeea791d6c6db617d5844aaead0f8e958121882 
Ndemezo, E. and Kayitana, C. (2020). Innovation and firms’ performance in the Rwandese manufacturing 
industry: A firm-level empirical analysis. In: editors? Rwandan Economy at the Crossroads of 
Development. Singapore: Springer, pp. 99–114. 
Nelson, R.R. and Winter, S.G. (1982) An Evolutionary Theory of Economic Change. Cambridge, MA: 
Belknap Press/Harvard University Press. 
Newey, W.K. (1987) Efficient estimation of limited dependent variable models with endogenous 
explanatory variables. Journal of Econometrics: 36(3): 231–250. 
Nübler, I. (2014). A Theory of Capabilities for Productive Transformation: Learning to Catch Up. In: J.M. 
Salazar-Xirinachs, I. Nübler, and R. Kozul-Wright (eds) Transforming Economies: Making 
Industrial Policy Work for Growth, Jobs and Development. Geneva: United Nations (UNCTAD) 
and International Labour Organization, pp 113-149.  
Oyelaran-Oyeyinka, B. (2003) Knowledge networks and technological capabilities in African clusters. 
Science, Technology and Society 8(1): 1–24.  
Ozer, M. and Zhang, W. (2015) The effects of geographic and network ties on exploitative and exploratory 
product innovation. Strategic Management Journal 36(7): 1105–1114.  
Penrose, E. (1959 [1995]) The theory of the growth of the firm. Oxford: Oxford University Press. 
Pisano, G.P. (2015) A normative theory of dynamic capabilities: Connecting strategy, know-how, and 
competition. Harvard Business School Working Paper No. 16-036. Available at 
https://www.hbs.edu/faculty/Publication%20Files/16-036_3be51325-1fb0-421a-afca-
4571d958ebf9.pdf 
Raffo, J., Lhuilleryb, S., and Miottia, L. (2008) Northern and southern innovativity: A comparison across 
European and Latin American countries. The European Journal of Development Research 20(2): 
219–239. 
Reichert, F.M. and Zawislak, P.A. (2014) Technological capability and firm performance. Journal of 
Technology Management and Innovation 9(4): 20–35.  
Richardson, G. (1972) The organisation of industry. The Economic Journal 82(327): 883–896. 




Roster, K., Harrington, L., and Cader, M. (2018) Country case studies in economic fitness: Mexico and 
Brazil. Entropy 20(10), 753. 
Smith, V., Dilling-Hansen, M., Eriksson, T., and Madsen, E.S. (2004) R&D and productivity in Danish 
firms: Some empirical evidence. Applied Economics 36(16): 1797–1806.  
Sobanke, V., Adegbite, S., Ilori, M., and Egbetokun, A. (2014) Determinants of technological capability of 
firms in a developing country. Procedia Engineering 69: 991–1000. 
Song, J. (2002) Firm capabilities and technology ladders; Sequential: Foreign direct investments of Japanese 
electronics firms in East Asia. Strategic Management Journal 23(3): 191–210.  
Teece, D.J. (2007) Explicating dynamic capabilities: The nature and microfoundations of (sustainable) 
enterprise performance. Strategic Management Journal 28(13): 1319–1350. 
Teece, D.J. (2019) A capability theory of the firm: An economics and (strategic) management perspective. 
New Zealand Economic Papers 53(1): 1–43.  
Teece, D.J., Pisano, G., and Shuen, A.A. (1997) Dynamic capabilities and strategic management. Strategic 
Management Journal 18: 504–534. 
Tidd, J., Bessant, J., and Pavitt, K. (1997) Managing Innovation: Integrating Technological, Market and 
Organisational Change. Chichester: John Wiley & Sons Inc. 
Tobin, J. (1958) Estimation of relationships for limited dependent variables. Econometrica 26(1): 24–36. 
Tsai, K.H. (2004) The impact of technological capability on firm performance in Taiwan’s electronics 
industry. Journal of High Technology Management Research 15: 183–195. 
Tybout, J.R. and Westbrook, M.D. (1995) Trade liberalization and the dimensions of efficiency change in 
Mexican manufacturing industries. Journal of International Economics 39(1-2): 53–78. 
Weber, S. (2010) bacon: An effective way to detect outliers in multivariate data using Stata (and Mata). The 
Stata Journal 10(3): 331–338. 
Weigelt, C. (2013) Leveraging supplier capabilities: The role of locus of capability deployment. Strategic 
Management Journal 34(1): 1–21.  
Wignaraja, G. (2005) Competitiveness, productivity management and job creation in African enterprises: 
Evidence from Mauritius and Kenya. Series on Productivity and Competitiveness Management, 
MCC Working Paper No. 5, International Labour Office, Geneva. Available at 
https://www.ilo.org/public/libdoc/ilo/2003/103B09_19_engl.pdf 
Winter, S.G. (1988) On Coase, competence, and the corporation. Journal of Law, Economics, and 
Organization 4(1): 163–180. 












i Andreoni (2011:12) defines productive capabilities as “personal and collective skills, productive knowledge and 
experiences embedded in physical agents and organizations that firms need to perform different productive tasks; they 
need to furthermore adapt and implement in-house improvements across different technological and organizational 
functions”. 
ii Recent empirical works measuring productive capabilities have done so either using aggregated indicators, such as 
the economic complexity index (Archibugi et al., 2009; Daude et al., 2016; Hausmann, 2016; Hidalgo and Hausman, 
2009; Javorcik et al., 2017), the economic fitness index (for example Roster et al., 2018) or country-level data 
(Fagerberg and Srholec, 2008, 2017). 
iii See Section 3.2 for additional details. 
iv See Table 5 in the Appendix for a list of countries and the respective years of the surveys. 
v Using country-level data for 114 countries, Fagerberg and Srcholec (2017) also found a trade-off between data quality 
and the sample size. 
vi See Table 6 in the Appendix for definitions of all indicators used in the construction of the technological and 
production capability indicators. 
vii See Fagerberg and Srholec (2008, 2017) for details of this procedure. 
viii Polychoric correlation allows us to take into account the fact that some of the dimensions we employ are 
continuous, others are dummies and others are categorical, with more than two categories. Using the oblique oblimin 
rotation helps us to obtain more interpretable factors, with a simpler structure than would be obtained with an 
orthogonal rotation. In many applications (for example, after factor and principal component analysis (PCA)), the 
factors before rotation are identified to be orthogonal (uncorrelated), whereas the oblique rotated factors are 
correlated. 
ix To estimate the Heckman model, we assume firms with 0% of sales from direct export do not engage in export 
activities and therefore have a value zero in the selection equation.  
